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Introduction {#sec001}
============

Cancer is a class of diseases involving out-of-control cell growth. A total of 1,660,290 new cancer cases and 580,350 cancer deaths are projected to occur in the United States in 2013\[[@pone.0128642.ref001]\]. Efforts have been made to find new biomarkers to predict the survival and provide information for clinical treatment. Recently, lots of biomarkers have been evaluated in various cancers, such as caveolin in breast cancer\[[@pone.0128642.ref002]\], C-reactive in urological cancer\[[@pone.0128642.ref003]\], MMP-9 in esophageal squamous cell carcinoma\[[@pone.0128642.ref004]\], CD147 in ovarian cancer\[[@pone.0128642.ref005]\] and S100A4 in colorectal cancer\[[@pone.0128642.ref006]\]. However, simple and reliable predictors that can be widely used in clinical practice are not currently available. Therefore, there is still a great need to find novel and suitable biomarkers to predict treatment response and outcome of cancer patients.

The miRNA-200 family containing five members (miR-200a, miR-200b, miR-200c, miR-429, and miR-141), is commonly involved in human health and disease. The five members of miR-200 are found in two clusters. MiR-200a, miR-200b, and miR-429 are located on chromosome 1p36 and miR-200c and miR-141 are on chromosome 12p13\[[@pone.0128642.ref007]\]. MiR-200c is highly enriched in epithelial tissues\[[@pone.0128642.ref008]\]. MiR-200c is believed to repress the expression of ZEB1 and ZEB2 and has a direct influence on epithelial-to-mesenchymal transition (EMT)\[[@pone.0128642.ref009]\]. In EMT, the miR-200c is lowly expressed, while ZEB1 and ZEB2 are highly expressed. ZEB1 and ZEB2 bind to the promoter region of CDH1, blocking the synthesis of E-cadherin, which is necessary for intercellular adhesion\[[@pone.0128642.ref010]\].

In the recent time, the prognostic value and clinicopathology significance of several miRNAs in cancer has been analyzed by meta-analysis\[[@pone.0128642.ref011]--[@pone.0128642.ref014]\], and some studies have investigated the tumor suppressive function of miR-200 family members in breast\[[@pone.0128642.ref015]\], colorectal\[[@pone.0128642.ref016]\] and ovarian\[[@pone.0128642.ref017]\] cancers. Moreover, some studies have shown that expression of miR-200c is associated with patient prognosis and clinicopathology significance\[[@pone.0128642.ref017]--[@pone.0128642.ref038]\]. Therefore, it is necessary and timely to perform a meta-analysis to evaluate the prognostic value and clinicopathology significance of miR-200c expression in patients with cancer.

To investigate whether the miR-200c expression could serve as a prognostic or clinical biomarker for cancer, we performed the systematic review and meta-analysis by extracting summary statistics of the published literature for survival endpoints.

Materials and Methods {#sec002}
=====================

Literature search {#sec003}
-----------------

The PRISMA statement ([S1 PRISMA Checklist](#pone.0128642.s001){ref-type="supplementary-material"}) was followed in our meta-analysis. We comprehensively searched Cochrane Library, OVID, PubMed, Web of Science databases and China National Knowledge Infrastructure (CNKI) until March 10, 2015. The key words in searching was "miR-200 OR miR-200c OR miR200 OR miR200c" AND "tumor OR neoplasm OR cancer OR carcinoma." Moreover, we also checked review articles and references of relevant studies to supplement our search. Oncomine and The Cancer Genome Atlas (TCGA) were searched to make our data sufficient enough. J. Wu and Z. Fang respectively searched the database to get the original data.

Eligibility criteria {#sec004}
--------------------

If the following conditions were met, the studies were included in this meta-analysis (a) proven prognosis or clinicopathology significance of the miR-200c expression in cancer; (b) analyzed the correlation of miR-200c with survival outcomes or clinical parameters; (c) registered more than 30 patients. The titles and abstracts were read by two researchers (J. Wu and Z. Fang) independently, and irrelevant studies would be excluded; then our review team would check the full-text and get the essential data.

Data extraction {#sec005}
---------------

Two reviewers (J. Wu and Z. Fang) independently extracted the following data using a form: first author, year of publication, study location, cancer type, number of patients, distribution of age and gender, tumor stage, method of miR-200c detection, cut-off level to consider miR-200c as highly expressed and sample types. Multivariate analysis would be selected because it takes into consideration confounding factors and thus is more accurate \[[@pone.0128642.ref039]\]. If HRs were not reported in the article, we used Engauge Digitizer version 4.1 (free software down-loaded from [http://sourceforge.net](http://sourceforge.net/)) to read the Kaplane-Meier survival curves to get the HRs and their 95% CIs. Two independent authors (J. Wu and Z. Fang) checked the curves in order to reduce reading variability. If there were insufficient data, controversies, or any other uncertainties in an article which might be related to our meta-analysis, we asked corresponding authors for additional information.

Statistical analysis {#sec006}
--------------------

We measured the effective value of miR-200c expression on prognosis by hazard ratios (HRs) and corresponding 95% confidence intervals (CIs). An HR greater than 1 indicated poor prognosis in patients with high expression of miR-200c. The association between miR-200c expression and clinical significance was measured by odds ratios (ORs) and 95% CIs. And P values\<0.05 were considered to denote statistical significance. Two independent authors (J. Wu and Z. Fang) checked the curves to reduce reading variability. The heterogeneity among the studies was measured using Cochran\'s Q test and Higgins I-squared statistic. Random-effects models were utilized in order to avoid the influence of heterogeneity. These statistical analyses were conducted using Review Manager Version 5.1 software (<http://ims.cochrane.org/revman>). The publication bias was examined by R (<http://cran.r-project.org/bin/windows/base>). To validate the association between miR-200c expression in blood and TNM stage, 1000 re-sampling groups were produced by the bootstrap re-sampling procedure\[[@pone.0128642.ref040],[@pone.0128642.ref041]\]. The re-sampling statistic program was shown in [S1 Excel](#pone.0128642.s002){ref-type="supplementary-material"} File. Furthermore, a randomly generated result was displayed in [S2 Excel](#pone.0128642.s003){ref-type="supplementary-material"} File. The types of each 692 samples were introduced in [S1 Excel](#pone.0128642.s002){ref-type="supplementary-material"} File. No.1 was for high expression of miR-200c and high tumor stage; 2 was for low expression of miR-200c and high tumor stage; 3 was for high expression of miR-200c and low tumor stage; 4 was for low expression of miR-200c and low tumor stage. In a randomly generated result, 5000 samples would be produced by bootstrap re-sampling procedure in each re-sampling group and the ORs were automatically calculated. The user could get new random data via pressing F9. The overall ORs containing all samples and the ORs distribution of each re-sample group were displayed in [S2 Excel](#pone.0128642.s003){ref-type="supplementary-material"} File.

Results {#sec007}
=======

Characteristics of identified studies {#sec008}
-------------------------------------

After the primary literature search in database, 245 studies were found in PubMed, 335 studies were found in Web of Science, 119 studies were found in OVID and 571 studies were found in CNKI. Moreover, there were 4 studies found when the authors examined the reference list of the review article. After duplicated studies were excluded, 737 studies were remained. Investigators carefully read the title and abstract then excluded 684 irrelevant studies. Next, the full-texts of the rest articles were reviewed in detail. There were twenty-three studies included in our meta-analysis at last\[[@pone.0128642.ref017]--[@pone.0128642.ref038]\] ([Fig 1](#pone.0128642.g001){ref-type="fig"}). The baseline characteristics of eligible studies were summarized in [S1 Table](#pone.0128642.s011){ref-type="supplementary-material"}. The included studies were published between 2010 and 2014. There were 2777 participants from Italy, China, Japan, Norway, India, Korea, Poland, Spain and Germany. The malignant carcinomas involved in this review included ovarian cancer, esophageal cancer, lung cancer, colorectal cancer, gastric cancer, breast cancer, pancreatic cancer, endometrioid endometrial cancer and non-metastatic renal cell cancer. All studies use qRT-PCR to detect miR-200c expression.

![Flow diagram summarizing the selection of eligible studies.](pone.0128642.g001){#pone.0128642.g001}

Meta-analysis {#sec009}
-------------

Overall, seventeen studies reported data on miR-200c expression and OS in cancer. The combined analysis of the 17 studies showed that expression of miR-200c was not significantly correlated with OS in cancer(HR = 1.41, 95%Cl: 0.95--2.10; *P* = 0.09) ([Fig 2](#pone.0128642.g002){ref-type="fig"}). For studies evaluating PFS, expression of miR-200c was not correlated with PFS in cancer (HR = 1.12, 95%Cl: 0.68--1.84; *P* = 0.67) ([S1 Fig](#pone.0128642.s004){ref-type="supplementary-material"}).

![Meta-analysis evaluating miR-200c expression and overall survival (OS) in cancer patients.](pone.0128642.g002){#pone.0128642.g002}

Subgroup analysis {#sec010}
-----------------

To get further insights, we performed subgroup analysis with respect to ethnicity and sample type to evaluate miR-200c prognostic value in cancer. As shown in [Table 1](#pone.0128642.t001){ref-type="table"}, expression of miR-200c was not significantly correlated with OS in Caucasians (HR = 1.37, 95%Cl: 0.74--2.53; *P* = 0.32) ([S2 Fig](#pone.0128642.s005){ref-type="supplementary-material"}) and Asians (HR = 1.46, 95%Cl: 0.85--2.52; *P* = 0.17) ([S3 Fig](#pone.0128642.s006){ref-type="supplementary-material"}). Expression of miR-200c was also not significantly associated with OS in tissue (HR = 0.99, 95%Cl: 0.59--1.67; *P* = 0.97) ([S4 Fig](#pone.0128642.s007){ref-type="supplementary-material"}). However, in blood, miR-200c expression was significantly associated with OS (HR = 2.10, 95%CI: 1.52--2.90, *P*\<0.00001) ([Fig 3](#pone.0128642.g003){ref-type="fig"}).

![Meta-analysis evaluating miR-200c expression and overall survival (OS) for blood samples.](pone.0128642.g003){#pone.0128642.g003}

10.1371/journal.pone.0128642.t001

###### A summary of hazard ratios (HRs) for the overall and subgroup analyses of miR-200c expression of cancer patients.

![](pone.0128642.t001){#pone.0128642.t001g}

                   No. of studies   Pooled HR   95%CI         P-value     Heterogeneity   
  ---------------- ---------------- ----------- ------------- ----------- --------------- -----------
  OS                                                                                      
  Overall          17               1.41        0.95--2.10    0.09        81              \<0.00001
  Caucasians       7                1.37        0.74--2.53    0.32        77              0.0002
  Asians           10               1.46        0.85--2.52    0.17        83              \<0.00001
  Blood            7                2.10        1.52--2.90    \<0.00001   32              0.19
  Tissue           10               0.99        0.59--1.67    0.97        79              \<0.0001
  Gastric cancer   3                1.10        0.47--2.57    0.82        86              0.0008
  Ovarian cancer   3                1.60        0.23--11.43   0.64        85              0.002
  Lung cancer      4                1.67        0.65--4.31    0.29        83              0.0006
  PFS                                                                                     
  Overall          8                1.12        0.68--1.84    0.67        80              \<0.0001
  Blood            3                2.27        1.65--3.12    \<0.00001   0               0.78
  Tissue           5                0.75        0.51--1.11    0.15        42              0.14

OS, overall survival; PFS, progression-free survival

Sensitivity analysis {#sec011}
--------------------

Sensitivity analysis was carried out through omitting one study each time and calculating the pooled HRs again. As shown in [S2](#pone.0128642.s005){ref-type="supplementary-material"}--[S7](#pone.0128642.s010){ref-type="supplementary-material"} Tables, the stability of the entire study was not influenced by one individual study.

Publication bias {#sec012}
----------------

Publication bias was evaluated by Begg's funnel plot and Egger's test. The result was displayed in [Table 2](#pone.0128642.t002){ref-type="table"}. Begg's funnel plot and Egger's test didn't suggest any evidence of publication bias.

10.1371/journal.pone.0128642.t002

###### Begg's funnel plot and Egger's test of publication bias on the relationships between miR-200c and prognostic value in cancer.

![](pone.0128642.t002){#pone.0128642.t002g}

               Begg\'s funnel plot   Egger\'s test           
  ------------ --------------------- --------------- ------- -------
  OS                                                         
  Overall      1.56                  0.120           1.71    0.106
  Caucasians   0.25                  0.803           -0.23   0.827
  Asians       0.54                  0.592           1.64    0.140
  Blood        1.00                  0.319           1.47    0.193
  Tissue       1.07                  0.283           1.61    0.146
  PFS                                                        
  Overall      0.25                  0.803           -0.27   0.796
  Blood        0.64                  0.526           1.58    0.159
  Tissue       1.02                  0.307           1.53    0.181

OS, overall survival; PFS, progression-free survival.

Clinicopathology analysis {#sec013}
-------------------------

Eleven studies were enrolled in the clinicopathology analysis. Higher expression of miR-200c was significantly associated with higher TNM stage (HR = 1.74, 95%CI: 1.06--2.86, *P* = 0.03) ([S5 Fig](#pone.0128642.s008){ref-type="supplementary-material"}). No significant association was revealed between miR-200c expression and tumor differentiation (HR = 0.93, 95%CI: 0.61--1.42, *P* = 0.72) ([S6 Fig](#pone.0128642.s009){ref-type="supplementary-material"}) lymph node metastasis (HR = 1.25, 95%CI: 0.74--2.11, *P* = 0.40) ([Fig 4](#pone.0128642.g004){ref-type="fig"}) as well as distant metastasis (HR = 1.40, 95%CI: 0.81--2.44, *P* = 0.23) ([Fig 5](#pone.0128642.g005){ref-type="fig"}).

![Meta-analysis evaluating miR-200c expression and lymph node metastasis in cancer patients.](pone.0128642.g004){#pone.0128642.g004}

![Meta-analysis evaluating miR-200c expression and distant metastasis in cancer patients.](pone.0128642.g005){#pone.0128642.g005}

In blood, higher expression of miR-200c was significantly associated with higher tumor stage (HR = 2.16, 95%CI: 1.58--2.96, *P*\<0.00001) ([Fig 6](#pone.0128642.g006){ref-type="fig"}). Moreover, higher expression of miR-200c was significantly associated with more lymph node metastasis (HR = 1.69, 95%CI: 1.21--2.35) ([Fig 4](#pone.0128642.g004){ref-type="fig"})and more distant metastasis (HR = 1.91, 95%CI: 1.17--3.12) ([Fig 5](#pone.0128642.g005){ref-type="fig"}).

![Meta-analysis evaluating miR-200c expression and TNM stage for blood samples.](pone.0128642.g006){#pone.0128642.g006}

Re-sampling statistics {#sec014}
----------------------

Bootstrap re-sampling procedures were applied to investigate the association between miR-200c expression and TNM stage in blood. One randomly generated results were displayed in [S2 Excel](#pone.0128642.s003){ref-type="supplementary-material"} File. Odds ratios were mostly distributed between 1.72 and 2.27 among 1000 re-sampling groups. The odds ratio was 1.97 when evaluating 5000000 samples (95%CI: 1.97--1.98, *P*\<0.00001) ([S7 Fig](#pone.0128642.s010){ref-type="supplementary-material"}).

Discussion {#sec015}
==========

MiR-200c is believed to repress epithelial mesenchymal transition (EMT) and tumor metastasis. For instance, increased miR-200c expression leads to a reversal of EMT in bladder cancer\[[@pone.0128642.ref042]\]. MiR-200c can also inhibit cancer stem cell self-renewal and attenuate differentiation\[[@pone.0128642.ref043]\].MiR-200c were confirmed to be downregulated in human breast cancer stem cells as well as in normal human and murine mammary stem/progenitor cells. Moreover, miR-200c has a modulatory function in cell division and apoptosis\[[@pone.0128642.ref044]\]. High expression of miR-200c in cancer was reported in various type of cancer including ovarian cancer, glioma, non-small cell lung cancer (NSCLC), colorectal cancer, gastric cancer, breast cancer, pancreatic cancer and non-metastatic renal cell cancer. In this study, we aimed to explore the association between miR-200c expression and cancer prognosis and clinicopathology.

In our meta-analysis, expression of miR-200c was not significantly correlated with OS in cancer(HR = 1.41, 95%Cl: 0.95--2.10; *P* = 0.09). For studies evaluating PFS, expression of miR-200c was not correlated with PFS in cancer (HR = 1.12, 95%Cl: 0.68--1.84; *P* = 0.67). However, in our subgroup analysis, we found that high expression of miR-200c was significantly associated with poor OS in blood (HR = 2.10, 95%CI: 1.52--2.90, *P*\<0.00001). And significant association between miR-200c expression and TNM stage, lymph node metastasis as well as distant metastasis in blood was observed. Re-sampling statistics were used to get robust and replicable results and confirm that higher expression of miR-200c was significantly associated with higher TNM stage. In our sensitivity analysis, we found that the stability of the entire study was not influenced by one individual study. No publication bias was observed. So we can conclude that miR-200c may serve as a blood biomarker for cancer.

MiRNAs are detectable in blood and circulating miRNAs have the potential to be new biomarkers in patients with cancer. The usefulness of miRNA expression as a blood biomarker has been explored in breast cancer\[[@pone.0128642.ref045]\], esophageal squamous cell cancer\[[@pone.0128642.ref046]\], hepatocellular carcinoma\[[@pone.0128642.ref047]\] and non-small cell lung cancer\[[@pone.0128642.ref048]\]. However, the mechanism how miRNAs in blood affected invasion and metastasis of tumor was not fully uncovered. Increased levels of expression of epithelial-specific miRNAs in blood, including miR-200c, might indicate the circulation of tumor cells which might be closely associated with tumor invasion and metastasis\[[@pone.0128642.ref023]\].

However, there were still some limitations in our meta-analysis. Firstly, only articles in English were included in our meta-analysis. Strictly, some eligible studies published in other language would be missed. Secondly, some HRs were calculated according to the data extracted from the survival curve, several tiny errors might be brought. Thirdly, cut-off values were different among these studies, we could not set up a baseline referring to miR-200c high expression and inconsistency might be observed. Fourthly, studies included in our meta-analysis were not sufficient, which led to the relative insufficiency of studies in subgroup analyses. The prognostic value of miR-200c in certain tumor type and tissue sample was not fully elucidated because of the insufficient studies. More studies were needed to evaluate the association between miR-200c expression and the prognosis of certain type of cancer.

In summary, our study demonstrated that miR-200c expression was not significantly associated with cancer prognosis. However, miR-200c expression in blood was significantly associated with prognosis, TNM stage, lymph node metastasis and distant metastasis. More studies are needed to confirm the association between miR-200c expression and cancer.
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